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LOW dH germicidal iodine co mpositions 

HAVING ENHANCED STABILITY 

Background of the Invention 

1. Field of the Invention 

The present invention is broadly concerned with aqueous germicidal 
iodine/iodide/iodate compositions of very low pH (from about 2-5.5) having enhanced 
available iodine and free iodine stabilities over extended storage periods of at least 
about three months. More particularly, the invention pertains to such compositions 
which contain from about 0.01-1.4% by weight available iodine, from about 10-125 
ppm free iodine, from about 0.004-0.50% by weight iodide ion, and from about 0.005- 
0.5% by weight iodate ion, in combination with an iodine complexing agent. Optional 
ingredients may include emollients, buffering agents and thickeners. 

2. Description of the Prior Art 

U.S. Patent No. 4,271,149 describes aqueous detergent-iodine 
compositions of the iodine/iodide/iodate variety having pH values of 5-7 with elemental 
iodine amounts up to about 1% by weight. Typically, representative compositions 
described within the '149 patent will have free (i.e., uncomplexed) iodine levels of less 
than 10 ppm. In compositions of this type, two primary competing reactions take place 
during storage to maintain stability. First, there is some conversion of elemental iodine 
in the presence of organic matter to iodide ion; second, there is a competing reaction 
between iodate ion, iodide ion and H* to form I 2 . Ideally, these two reactions are 
balanced so that the I 2 con-tent of the compositions remains essentially constant. 

In recent years, users of germicidal iodine compositions have requested 
greater and greater amounts of free iodine, e.g., about 20 ppm and above. In order to 
meet this demand, it is necessary to lower the pH levels of the compositions to achieve 
these higher free iodine concentrations. However, it was known that at low pH values 
below 5, the reaction between iodide and iodate to form elemental iodine becomes 
predominant and can generate excessive amounts of iodine. Hence, products of the type 
described in the '149 patent, at low pH, would lack requisite long-term stability. 
Workers in the art have thus faced a heretofore insoluble dilemma: by lowering the pH 
to achieve and maintain desired higher free iodine levels, the stability of the 
compositions is very significantly affected, particularly over long storage times. 
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There is accordingly a real and unsatisfied need in the art for improved 
aqueous germicidal use compositions of the iodine/iodide/iodate variety which are of 
very low pH in order to generate/maintain high free iodine levels therein and which are 
stable over long periods of storage. 

Summar y of the Invention 

The present invention overcomes the problems outlined above and 
provides low pH, stable aqueous detergent-iodine germicidal use compositions having 
a pH of from about 2-5.5 and a free iodine content on the order of 10-125 ppm while 
retaining acceptable ranges of available iodine and free iodine contents over a room 
temperature storage period of at least about three months, and more preferably at least 
about one year. Preferably, substantial maintenance of the amounts of available and 
free iodine refers to the ability of the compositions to maintain the nominal, as- 
manufactured amounts of free and available iodine within about ±20%. 

Broadly speaking, the compositions of the invention both as originally 
formulated and after an equilibration period of about one week, include from about 
0.01-1 .4% by weight available iodine. In the case of hard surface sanitizers, the as- 
manufactured available iodine content is preferably from about 0.01-0.20% by weight, 
whereas for topical skin applications, the available iodine has a range of from about 
0.10-1 .4% by weight. The free iodine content should be from about 10-125 ppm and 
more preferably from about 25-125 ppm. The iodate ion content of the compositions 
should be at a level of from about 0.005-0.5% by weight and more preferably from 
about 0.01-0.4% by weight. The iodide ion content should be from about 0.004-0.50% 
by weight, and more preferably from about 0.01-0.45% by weight. The pH levels of 
the compositions should be from about 2-5.5 and more preferably from about 2-4.5. 

A prime advantage of the compositions of the invention is the 
maintenance of extremely high levels of free iodine over extended storage periods. As 
indicated above, the free iodine content should broadly be from about 10-125 ppm. In 
more preferred forms, the compositions of the invention maintain a free iodine level of 
at least about 25 ppm over a storage period at ambient temperature of at least about 3 
months, and most preferably at least about 40 ppm. Thus, in the case of hard surface 
sanitizers, it is desired that they exhibit a free iodine content of at least about 40 ppm 
over at least a 3 month ambient temperature storage period. For some preparations 
adapted for topical application to skin, it may be desirable to maintain the free iodine 
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content at a level of from about 20-50 ppm over an ambient temperature storage period 
of at least 3 months. 

The compositions hereof also include a completing agent which is used 
in sufficient quantity to insure that the available iodine content of the compositions 
remains in solution. Generally, the complexing agent should be used at a level of from 
about 0.1-15% by weight, and more preferably from about 0.2-10% by weight. A 
variety of complexing agents can be employed, such as those selected from the group 
consisting of the alkylphenol ethoxylates, alcohol ethoxylates, alcohol alkoxylates, 
polyalkylene glycol ethers, polyoxyethylene sorbitan monolaurate and monopalmitate, 
polyvinylpyrrolidone, polyethoxylated polyoxypropylenes, and mixtures thereof. 

Normally, compositions in accordance with the invention would include 
a buffering agent such as an acid selected from the group consisting of citric, acetic, 
propionic, lactic, phosphoric, salts of the foregoing, and mixtures thereof. Such a 
buffering agent would normally be used at a level of from about 0.02-1% by weight in 
order to maintain the desired pH level during extended storage. For ease of use, a 
thickening agent may also be incorporated into the compositions of the invention. 
Suitable thickening agents may be selected from the group consisting of the alginates, 
xanthan gums, cellulose-bearing agents and mixtures thereof, and would ordinarily be 
used at a level of from about 0.05-1 .5% by weight. Emollients are also commonly used 
in compositions of the invention, such as those selected from the group consisting of 
glycerine, lanolin and its derivatives, sorbitol, fatty acid esters of polyhydroxylated 
compounds, propylene glycol, and mixtures thereof. The emollient content would 
typically be in the range of from about 1-15% by weight. 

There are several ways in which the compositions of the invention can 
be prepared. Generally speaking, in view of the low levels of iodide employed, it may 
not be convenient to start with a liquid concentrate having the desired iodideiiodine 
ratio. However, it is possible to start with iodide alone, and to form the desired portion 
of iodine in situ through oxidation. Alternately, one may employ a concentrated iodine 
solution (e.g., 57% by weight iodine and 20% by weight iodide ion) at a level which 
supplies all the desired iodide, followed by adding the remaining iodine through 
incorporation of crystalline iodine, with stirring. Another alternative is to start with a 
concentrated iodine solution which provides the desired total iodine (iodine plus iodide) 
content, but with a higher iodideriodine ratio than ultimately desired, and then setting 
the initial pH at a predetermined lower level, in order to induce a fairly rapid conversion 
of the iodide to iodine through reaction with added extra iodate. This would generally 
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occur within the first day or two after the initial makeup of the compositions, and would 
be deemed a part of the manufacturing process. 

The compositions of the invention may also be prepared directly from 
mixtures of solid components, e.g., Povidone-iodine powder, an appropriate iodate salt 
such as sodium iodate crystals, citric acid, and an alkaline salt. These ingredients would 
be dissolved in water to form the desired composition. 

Detailed Description of the Preferred Embodiment 

The present invention is predicated on the discovery that detergent 
iodine/iodide/iodate germicidal compositions can be prepared having very low pH 
values on the order of 2-5.5 in order to generate relatively large amounts of free iodine, 
while at the same time exhibiting long term stability in terms of the amounts of 
available and free iodine therein. This is accomplished by a careful selection of the 
amounts and types of ingredients present in the compositions, such that the competing 
reactions taking place in the compositions effectively cancel each other out so as to 
maintain overall compositional stability. The principal equilibrium reactions occurring 
during storage of the compositions after manufacture are: 

I. Organic Material + I 2 - 21 + oxidized organic material 

II. IO 3 + 51- + 6H + - 31, + 3H 2 0 

III. I 2 + complexor + 1- complexed I 2 • I' 

As explained, the goals of the invention are a relatively high free iodine 
content together with long term stability. Low initial system pH is important to 
generate the necessary free iodine, because the excess H + ion drives reaction II to the 
right. As H + ion is consumed and the pH rises, reaction II slows down, but this is 
counterbalanced by the fact that reaction I is also fastest at the outset and itself slows 
down over time. Thus, reactions I and II are generally balanced throughout the shelf 
life of the product. Reaction III is also controlled and the formation of excess 
complexed I 2 is avoided because of the consumption of I" in reactions I and II, thus 
driving reaction III to the left. In sum therefore, the ongoing competing reactions I-III 
within the compositions of the invention are effectively balanced over the shelf lives 
of the products to achieve compositional stability. 

The following example sets forth preferred compositions in accordance 
with the invention as well as stability test results. It is to be understood that this 
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example is presented by way of illustration only and nothing therein should be deemed 
a limitation upon the overall scope of the invention. 

Example 

The following compositions in accordance with the invention were 
prepared using three different methods detailed below. The following tables set forth 
the ingredients used in each formulation (wherein all ingredient data is set forth in terms 
of percent by weight, and the free I 2 data is given as ppm) as well as the three or four 
month stability data for compositions containing on a nominal weight basis 1.0% 
available iodine (Table 1), 0.75% available iodine (Table 2), 0.50% available iodine 
(Table 3), 0.25% available iodine (Table 4), 0.10% available iodine (Table 5), 0.05% 
available iodine (Table 6), and 0.025% available iodine (Table 7). The available iodine 
content will typically vary ±10% over the shelf life of the products. The iodate content 
will decrease during storage and can generally be expected to be completely gone 
within 2-4 years of room temperature storage. The pH values for the compositions will 
generally increase, sometimes by as much as 0.5-1 pH unit following initial preparation. 

Compositions 1 and 2 of Table 1, and all compositions of Tables 3-7, 
were manufactured by dissolving all ingredients except for the sodium iodate in 
aqueous solution, adjusting to the initial pH using a solution of sodium hydroxide, and 
adding the sodium iodate. 

Compositions 3-6 of Table 1 were manufactured by first dissolving all 
ingredients except the 0.5% sodium iodate in aqueous solution. To this was added 
0.06% by weight sodium iodate and the mixture was allowed to react for a period of 2 
hours. The pH of the sample was then adjusted to the predetermined initial value using 
a solution of sodium hydroxide and the 0.5% by weight sodium iodate was then added 
and dissolved with stirring. 

Compositions 7-10 of Table 1 were manufactured in the same manner 
as compositions 3-6, except using 0.05% by weight sodium iodate prior to the pH 
adjustment of the sample. After such adjustment, the remainder of the iodate was 
added. 

The compositions of Table 2 were manufactured by dissolving all 
ingredients in aqueous solution except for the sodium iodate, using an amount of iodine 
complex providing a predetermined amount of iodide ion. In order to achieve the 
desired iodideriodine ratio, crystalline iodine was then added to the solutions with 
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stirring until dissolved. The pH of the sample was then adjusted to the predetermined 
initial value and the sodium iodate was added, with stirring, until dissolved. 
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iodine Complex B had an available iodine content of from about 56.0-58.0% by weight 
and a total iodine content of 75.0-79.0% by weight 

2 Xanthan gum 
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Tabk 7 
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Claims : 

1 . A stable aqueous germicidal composition comprising: 
from about 0.01 -1 .4% by weight available iodine; 

from about 10-125 ppm free iodine; 

from about 0.005-0.5% by weight iodate ion; 

a quantity of complexing agent sufficient for maintaining said available iodine 
in solution; 

from about 0.004-0.50% by weight iodide ion; and 

said composition having a pH of from about 2-0-4.5 and substantially 
maintaining the amounts of said available iodine and free iodine over 
a period of at least three months at room temperature storage. 

2. The composition of claim 1, said composition having an 
available iodine level of from about 0.01-0.2% by weight. 

3. The composition of claim 1, said composition having an 
available iodine level of from about 0. 1 0- 1 .4% by weight. 

4. The composition of claim 1, wherein said free iodine level is 
from about 25-125 ppm. 

5. The composition of claim 1 , wherein said iodate ion level is from 
about 0.0 1 -0.4% by weight. 

6. The composition of claim 1 , wherein said complexing agent is 
present at a level of from about 0.1-15% by weight. 

7. The composition of claim 1, said composition substantially 
maintaining said amounts of available iodine and free iodine for a period of at least 
about one year. 



8. The composition of claim 1 , including a buffering agent selected 
from the group consisting of citric acid, acetic acid, propionic acid, lactic acid, 
phosphoric acid, salts of the foregoing, and mixtures thereof. 
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9. The composition of claim 8, said buffering agent being present 
at a level of from about 0.02-1% by weight. 

10. The composition of claim 1, said complexing agent being 
selected from the group consisting of the alkylphenol ethoxylates, alcohol ethoxylates, 
alcohol alkoxylates, polyalkylene glycol ethers, polyoxyethylene sorbitan monolaurate 
and monopalmitate, polyvinylpyrrolidone, polyethoxylated polyoxypropylenes, and 
mixtures thereof. 

1 1 . The composition of claim 1, including a thickening agent. 

12. The composition of claim 11, said thickening agent being 
selected from the group consisting of alginates, xanthan gums, cellulose-bearing agents, 
and mixtures thereof. 

1 3 . The composition of claim 1 1 , said thickening agent being present 
at a level of from about 0.05-1 .5% by weight. 

14. The composition of claim 1, including an emollient. 

15. The composition of claim 14, said emollient being selected from 
the group consisting of glycerin, lanolin, sorbitol, fatty acid esters of polyhydroxylated 
compounds, propylene glycol, and mixtures thereof. 

16. The composition of claim 1 5, said emollient being present at a 
level from about 1-15% by weight. 

1 7. An aqueous germicidal composition which comprises respective 
amounts of available iodine, free iodine, iodate ion, iodide ion, and a complexing agent, 
said composition having at least about 25 ppm free iodine over a period of at least about 
3 months at ambient temperature storage. 

18. The composition of claim 1 8, said composition having at least 
about 40 ppm free iodine over a period of at least 3 months at ambient temperature 
storage. 
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19. A stable aqueous germicidal composition comprising: 
from about 0.01-1 .4% by weight available iodine; 

at least about 25 ppm free iodine; 

from about 0.005-0.5% by weight iodate ion; 

a quantity of complexing agent sufficient for maintaining said available iodine 
in solution; 

from about 0.004-0.50% by weight iodide ion; and 

said composition having a pH of from about 2-5.5 and substantially maintaining 
the amounts of said available iodine and free iodine over a period of at 
least three months at room temperature storage. 

20. The composition of claim 19, said composition having an 
available iodine level of from about 0.01-0.2% by weight. 

21. The composition of claim 19, said composition having an 
available iodine level of from about 0.10-1.4% by weight. 

22. The composition of claim 19, wherein said free iodine level is 
from about 25-125 ppm. 

23. The composition of claim 19, wherein said iodate ion level is 
from about 0.0 1 -0.4% by weight. 

24. The composition of claim 19, wherein said complexing agent is 
present at a level of from about 0.1-1 5% by weight. 

25 . The composition of claim 1 9, wherein said pH is from about 2.0- 

4.5. 

26. The composition of claim 1 9, said composition substantially 
maintaining said amounts of available iodine and free iodine for a period of at least 
about one year. 
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27. The composition of claim 19, including a buffering agent 
selected from the group consisting of citric acid, acetic acid, propionic acid, lactic acid, 
phosphoric acid, salts of the foregoing, and mixtures thereof. 

5 28. The composition of claim 27, said buffering agent being present 

at a level of from about 0.02-1% by weight. 

29. The composition of claim 19, said complexing agent being 
selected from the group consisting of the alkylphenol ethoxylates, alcohol ethoxylates, 

1 0 alcohol alkoxylates, polyalkylene glycol ethers, polyoxyethylene sorbitan monolaurate 

and monopalmitate, polyvinylpyrrolidone, polyethoxylated polyoxypropylenes, and 
mixtures thereof. 

30. The composition of claim 19, including a thickening agent. 

15 

31. The composition of claim 30, said thickening agent being 
selected from the group consisting of alginates, xanthan gums, cellulose-bearing agents, 
and mixtures thereof. 

20 32. The composition of claim 30, said thickening agent being present 

at a level of from about 0.05-1.5% by weight. 

33. The composition of claim 19, including an emollient. 

25 34. The composition of claim 33, said emollient being selected from 

the group consisting of glycerin, lanolin, ethoxylated lanolin, sorbitol, fatty acid esters 
of polyhydroxylated compounds, propylene glycol, and mixtures thereof. 
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35. The composition of claim 34, said emollient being present at a 
level from about 1-15% by weight. 
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